ABSTRACT Single photon emission computed tomography, a rotating gamma camera, and continuous inhalation or infusion of krypton 81m (half life 13 seconds) were used to measure regional ventilation (V), perfusion (Q), and ventilation-perfusion (V/Q) ratios in five normal subjects in supine, prone, and lateral decubitus postures and in three asthmatic patients (supine posture only) before and after inhalation of 2.5 mg nebulised salbutamol. Vertical and horizontal gradients of V, Q, and V/Q were examined at three levels in each lung in regions of 1.9 cm3 size. In normal subjects V and Q increased along the axis of gravity in all postures and at all levels in the lung except for V in the prone position. Smaller horizontal gradients were found with an increase in V and Q from caudal to cranial-again except in the prone posture, where the gradient was slightly reversed. Constraint to outward motion of the ventral chest and abdominal wall is the most likely explanation for the different behaviour in the prone posture. In chronic asthma the vertical gradients of V and V/( were the reverse of normal, but the Q gradient was normal. Bronchodilator treatment did not affect the vertical or horizontal gradients significantly, but analysis of individual regions showed that, relatively, V/0 worsened in 42% of them; this was associated in two thirds with an increase in fractional Q. After inhalation of agonist local vasodilatation may influence V/Q ratios in some units more than bronchodilatation.
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Three dimensional reconstruction of function in an organ where gravity plays a prominent role offers definite advantages over two dimensional mapping. With emission computed tomography either with single photons (SPECT)' or with positrons (PET)23 ventilation (V), perfusion ((>), and V/Q ratios can be obtained using appropriate radionuclides. Because of their special properties (monoenergetic y ray emission in coincidence) precise attentuation corrections can be made only with positron emission tomography (PET).4 PET machines, in general, offer a limited survey of the lung (at present a maximum of five transaxial cuts), and an online cyclotron is required. With SPECT and a rotating gamma camera the whole lung can be surveyed but the attenuation corrections are extremely complex and of doubtful accuracy, and have generally been omitted.'
For imaging with SPECT and PET systems subjects are confined to the decubitus, usually supine, posture. There is a considerable corpus of knowledge about regional lung function in the erect posture5 but relatively few studies have been carried out in decubitus postures.6 7 Since people spend a considerable proportion of time lying down, regional lung function in decubitus postures (supine, prone, right and left lateral) is of interest.
In this study krypton 81m, continously inhaled or infused, was used to measure regional ventilation, perfusion, and V/Q ratio throughout both lungs. Five normal subjects were studied in various decubitus postures. In addition, three asthmatic subjects were studied, in the supine posture only, before and after bronchodilator inhalation. The short half life (13 seconds), relative insolubility (blood:gas partition coefficient 0.046 at 370), and 190 KeV y energy of krypton 81m offer many advantages in terms of count rate, spatial resolution, low radiation dose, and ease of administration and disposal.8-`10 The postural study involved five normal non-smoking volunteers aged 25-47 years (four of them male). All were medical graduates, free from a history of respiratory disease, who gave informed consent to the study. In each of them measurements were made sequentially in any two of four decubitus postures (supine, prone, and right and left lateral). In addition, three patients with longstanding chronic bronchial asthma were studied in the supine position before and after inhalation of 2.5 mg nebulised salbutamol (,B agonist). Spirometry was undertaken and arterial oxygen saturation (by ear oximetry) was measured before and after the tomographic measurements (table 1) . Krypton 81m gas was added (at 1.01 min'-) to a standard oxygen mask worn by the subjects for the inhalation study. "lmKr dissolved in 5% dextrose was continuously infused into a right arm antecubital vein (at 10 ml/min) for the measurement of regional perfusion. ' -i 1-. Tomography of regional ventilation and perfusion in normal subjects and asthmatic patients also examined. No attentuation corrections were made because of the complexity of the geometry within the thorax.
fixed points for subsequent matching of position.
Results

DATA ANALYSIS
Quantitative analysis was confined to transaxial lung slices two voxels (1.24 cm) thick. Peripheral regionsremote from central artefacts arising from infused 8imKr in the right heart, superior vena cava, and pulmonary arteries-were chosen for analysis. In the transaxial plane profiles (1 voxel width) were constructed from the ventral to the dorsal aspect through the middle of each lung (figs 1 and 2). The profile width and position were stored in the computer memory so that identical profiles could be drawn on the V and 0 images. From the strip ventral, middle, and dorsal regions of interest were chosen eight voxels (5 cm) apart. The region of interest volume was 4 x 2 x 1 voxels (2.48 x 1.24 x 0.62 cm = 1.9 cm3). The counts per voxel were normalised to the average voxel count for the whole lung. After normalisation the V and 0 values for each region of interest were divided to obtain the V/0 ratio. Three of about 20 transaxial slices (Nos 4, 10, and 16) were analysed in this way. The distance between each analysed slice was 7.5 cm. From the regions of interest in these slices (in the supine posture, for example) three ventral-dorsal profiles (in a vertical axis) of three regions of interest each were calculated from cranial to caudal, and, with the same regions of interest, three cranial-caudal profiles (ventral, mid, dorsal) were derived in the horizontal axis. The vertical axis was dorsal-ventral in the prone posture. In the lateral decubitus postures the vertical gradient was calculated across the transaxial slice in the dorsal region only to avoid artefacts from the heart and great vessels (fig 1) . One region of interest (1.9 cm3) was analysed in each lung, 15 cm apart. Three slices, 7.5 cm apart, were examined from the cranial, middle and caudal parts of the lung. Thus vertical and horizontal gradients were calculated for the dorsal regions only.
The analysis in the asthmatic subjects was similar to that for normal subjects in the supine posture, except that the width of the vertical and horizontal strips was four instead of two voxels. In addition to the cranial, caudal, ventral, and dorsal regions of interest (4 x 4 x 2 voxels), V, (, and V/Q were calculated for each voxel (20 in each ventral-dorsal strip and 10 in each lung for the dorsal-dorsal stripthat is, 180 regions of interest (4 x 1 x 2 voxels, 1.9 cm3) for each subject. Because patients left the examining table to inhale the nebulised salbutamol, special procedures were used to match up positions in the studies before and after inhalation. The trachea and left and right main bronchi were identified in the transaxial slices of the ventilation study and used as NORMAL SUBJECTS The most striking finding in the postural study was the loss of the vertical ventilation profile in the prone compared with the supine posture (fig 2) . Perfusion increased along the gravity axis-ventral to dorsal (supine) and dorsal to ventral (prone)-in both postures, but in general dorsal V exceeded ventral irrespective of position (fig 3) . The vertical (fig 3) Horizontal (cranial/caudal) gradients 
CRITIQUE OF METHODS
The theory of the use of ultrashort half life radioactive gases has been fully described elsewhere. 8 9 11 Briefly, during steady state inhalation of intravenous infusion of krypton 81m the regional (r) count rate Attenuation corrections were not used in this study. The low density of the lung implies that corrections will be small, though locally higher when bony structures (ribs, spine) intervene. The shoulder girdle is a region of relatively high attenuation and all studies were performed with the arms raised above the head. Since the same radionuclide was used for the V and the 4 scans attenuation corrections do not play any part in the V/4) calculations. More recently, studies were performed in dogs, after intravenous injection of technetium 99 labelled albumin macroaggregates, in which the lungs were tomographed in vivo, and at postmortem examination whole lung sections were scanned in two dimensions. The difference in local distribution between tomographic scanning (without attenuation correction) and planar scanning was small (about 10%) and within the statistical accuracy of both techniques (MJ Myers, personal communication).
The advantage of tomography lies in a more precise definition of local geometry. With two dimensional radioisotope scanning thoracic geometry has had to be defined with a second measurement of alveolar volume, generally by rebreathing of a radioactive gas to equilibrium. Even so, this manoeuvre does not give any resolution in depth. With tomographic scanning V and ( can be expressed directly per unit of thoracic volume, the size of the unit being dependent on the spatial resolution of the counting system. Because alveolar size and lung density are not constant throughout the lung,'4 "per unit alveolar volume" does not have precisely the same connotation as "per unit thoracic volume," but the differences are not of major importance.
EFFECTS OF POSTURE
Using a double isotope technique (krypton 81m and krypton 85m) Amis et al6 7 measured the distribution of V, , and V/0 in the same postures as in this study. With the use of SPECT, their two dimensional measurements have now been extended to three dimensions. There are no major discrepancies between the two studies. More reversal of the vertical gradient of V in the prone posture was seen in this tomographic study. Interestingly, the prone posture also behaves eccentrically as regards cranial-caudal gradients ( fig  4, table 2) , as previously noted. 6 7 In general, the influence of gravity, acting through regional differences in lung expansion and compliance and on a low resistance vascular circuit, determines the distribution of V and 0 and thus V/a. Vertical gradients, except in the prone posture, are much more prominent than horizontal gradients and are independent of position (cranial, mid, or caudal) within the lung, ( in the lateral decubitus posture being an exception. In the supine and prone postures horizontal gradients are also independent of their position (ventral, mid, or dorsal) within the lung. These cranial-caudal gradients are small; but there are no good explanations for them. Airway closure has been invoked to explain the decrease of V caudally in the supine posture since some dependence on lung volume has been found,'5 but the lack of ventral-dorsal differences makes this unlikely in the present study.
The most intriguing finding is loss of a vertical gradient (and slight reversal) of ventilation in the prone posture. The principal motions of the respiratory system are laterally and anteriorly (ventrally). In the prone posture anterior motion is considerably limited, as shown radiographically by a reduction in movement caudally of the ventral position of the 
